The use of mesenchymal stem cells (MSCs) for cell therapy and regenerative medicine has received widespread attention over the past few years, but their application can be complicated by factors such as reduction in proliferation potential, the senescent tendency of the MSCs upon expansion and their age-dependent decline in number and function. It was shown that all the mentioned features were accompanied by a reduction in telomerase activity and telomere shortening. Furthermore, the role of epigenetic changes in aging, especially changes in promoter methylation, was reported. In this study, MSCs were isolated from the adipose tissue with enzymatic digestion. In addition, immunocytochemistry staining and flow cytometric analysis were performed to investigate the cell-surface markers. In addition, alizarin red-S, sudan III, toluidine blue, and cresyl violet staining were performed to evaluate the multi-lineage differentiation of hADSCs. In order to improve the effective application of MSCs, these cells were treated with 1.5 × 10 −8 and 2.99 × 10 −10 M of ZnSO 4 for 48 hours.
The length of the absolute telomere, human telomerase reverse transcriptase (hTERT) gene expression, telomerase activity, the investigation of methylation status of the hTERT gene promoter and the percentage of senescent cells were analyzed with quantitative realtime PCR, PCR-ELISA TRAP assay, methylation specific PCR (MSP), and beta-galactosidase (SA-β-gal) staining, respectively. The results showed that the telomere length, the hTERT gene expression, and the telomerase activity had significantly increased. In addition, the percentage of senescent cells had significantly decreased and changes in the methylation status of the CpG islands in the hTERT promoter region under treatment with ZnSO 4 were seen. In conclusion, it seems that ZnSO 4 as a proper antioxidant could improve the aging-related features due to lengthening of the telomeres, increasing the telomerase gene a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Telomeres are composed of long-hexamer (TTAGGG) repeats at the end of eukaryotic chromosomes [1] . This nucleoprotein structure prevents chromosome instability, replicative senescence, end-to-end fusions of chromosomes, accelerated aging, and cancer [2, 3] . During the process of cell division, as a result of the imperfect replication of linear chromosomes, telomeres are shortened; this is called 'end-replication problem'. Although the detailed molecular mechanisms of aging are not fully understood, progressive telomere shortening is one of the molecular mechanisms underlying ageing as critically short telomeres trigger chromosome senescence and loss of cell viability [4, 5] . Telomerase, a ribonucleoprotein enzyme, which is composed of Telomerase Reverse Transcriptase (TERT), the Telomerase RNA Component (TERC) as the RNA template, and telomerase-associated proteins, is responsible for adding telomeric repeats to the ends of chromosomes [1] . In most human somatic cells (except for stem cells), the level of telomerase activity usually diminishes after birth [6] . In contrast, telomerase is highly expressed in human cancer cells, germ line and progenitor cells [7] . The role of telomerase in cancer and ageing, two complicated biological processes, has been implicated. To investigate the mechanisms involved in the regulation of telomerase and aging, therefore, leads to a bright horizon in the field of aging and related issues. The presence of a large CpG island with dense CG-rich content in the human TERT (hTERT) gene promoter suggests that DNA methylation may play a role in the regulation of the hTERT expression. Several studies indicated that the DNA methylation pattern of hTERT is inconsistent with the hypothesis that DNA methylation of promoter CpG islands is typically associated with gene silencing. In this context, Devereux et al. (1999) showed a strong correlation between hTERT expression and telomerase activity [8] . Also, this study demonstrated that hTERT promoter methylation is involved in the regulation of hTERT expression and telomerase activity, at least in some cells. In addition, another study by Guilleret et al. (2002) supported the positive correlation between telomerase activity, hTERT gene expression, and the methylation of the hTERT promoter [9] . The role of methylation in the hTERT promoter has been investigated by several studies [8, 10] ; however, no obvious conclusion could be drawn, and the role of methylation in hTERT regulation remains unknown.
Mesenchymal stem cells (MSCs) have attracted great interest because of their multilineage differentiation potential, self-renewal properties, and their possible use of cell and gene therapies [11] [12] [13] . Despite the aforementioned advantages of MSCs, the specified properties of MSCs are strongly affected by aging [14] [15] [16] . As a result, the use of MSCs from older donors is lower than younger donors, which restricts clinical applications such as regenerative medicine or cell therapy. Asumda et al. (2011) demonstrated the significant differences in the morphology, population size, proliferation, population-doubling time, and differentiation potential of the Bone marrow-derived Mesenchymal Stem Cells (BMSCs) of young rats in comparison to the bone marrow of old rats [17] . Aminizadeh et al. (2016) reported that telomere length in aged BMSCs was significantly lower than their young counterparts and they showed that the mRNA expression of TERT and TERC were significantly lower in aged subjects [18] . In addition, Flores et al. (2008) reported that telomere length was shorter in aged stem cells and this loss of telomere length may also have a role to play in the dysfunction of aged stem cells [19] .
Based on the theories of aging, it is believed that aging is most probably caused by free radicals generated as by-products during normal metabolism. It is, therefore, crucial to maintain the proliferation and differentiation capacity of MSCs. The use of antioxidants to prevent cellular aging is important. The role of the element zinc as an antioxidant and an anti-inflammatory agent for many chronic diseases such as cancers, neurodegeneration, immunologic disorders, and the aging process has been shown [20] . In a previous study, Nemoto et al. (2000) reported that providing additional zinc in the cell-culture medium increases the telomerase activity [21] . In another study, Bao et al. (2013) demonstrated that a decrease in the concentration of intracellular zinc and the zinc-binding protein, metallothionein, in peripheral-blood mononuclear cells in older subjects are associated with a decrease in telomere length and percentage of cells with critically short telomeres [22] . In addition to the role of zinc ion in aging, its role in differentiation of MSCs has been shown. It is believed that Zn +2 supplementation stimulated osteoblast and osteoblast differentiated gene expression [23] . In this regard, Fathi and Farahzadi (2017) indicated that 0.432 μg/ml ZnSO4 induced the osteogenic differentiation of rat adipose tissue-derived MSCs via PKA, ERK1/2, and Wnt/β-catenin signaling pathways [24] . This induction resulted in an increase in the expression of osteogenic genes such as ALP, OCN, BMP2 and Runx2, ALP activity and calcium levels [24] .
However, it remains unclear whether ZnSO 4 supplementation can increase the telomere length and change the methylation status in the hTERT gene promoter in hMSCs, and whether there exists a relationship between the telomere length and the hypomethylation or hypermethylation of CpG islands in the hTERT promoter region. Therefore, this study was carried out to investigate the effect of ZnSO 4 on the telomere length, the hTERT gene expression, the telomerase activity, the percentage of senescent cells, and the methylation status of CpG islands in the hTERT promoter region in hMSCs.
Materials and methods

Reagents
All materials were purchased from Sigma-Aldrich (St. Louis, MO, USA), unless otherwise stated. All tissue culture plastic ware was from SPL Life Sciences (Pocheon, Korea). A comprehensive overview of methods that have been used in this paper was described as Isolation and cultivation of human adipose tissue-derived mesenchymal stem cells streptomycin and 10% (v/v) FBS, and this pellet was added into a 24-wells plate followed by incubation at 37˚C with 5% CO 2 in a humidified environment for three days. The medium was replaced with a fresh medium every 3-4 days during cultivation. When the cells became confluent, they were trypsinized with 0.25% trypsin (Gibco, UK) and 1 mM EDTA (Invitrogen, UK), and then sub-cultured; hADSCs at Passage 3-6 were used in this study [26, 27] .
Phenotypical characterization of human adipose tissue-derived mesenchymal stem cells
Immunocytochemistry staining. A total of 4 × 10 3 cells were seeded in an 8-wells cell culture chamber slide. After one day of culture, the cells were washed with PBS and then fixed in 4% paraformaldehyde for 30-60 minutes at room temperature. After fixation, the cells were washed twice with PBS, and once with PBS and 1% BSA. The cells were incubated overnight at 4˚C with a 1:100 dilution of mAbs against CD90, CD105, CD45, and CD56 (all from BD Biosciences, San José, CA) in PBS and 1% BSA. The cells were then washed with PBS and 1% BSA, and incubated with a 1:500 dilution of the biotin-conjugated mouse monoclonal IgG1 antibody against rats in PBS and 1% BSA for 1 hour. After washing with PBS, a 1:500 dilution of Streptavidin Alexa Fluor™ 488 conjugate (Molecular Probes, Eugene, OR) was added for 1 hour. The cells were washed three times with PBS and the nuclei were stained with 7. CA) was used for characterization of hADSCs. Data were analyzed using with the FlowJo software (version 6.2).
In vitro multi-lineage differentiation of human adipose tissue-derived mesenchymal stem cells. hADSCs were grown to confluence and the multilineage differentiation of cells was induced in a complete culture medium containing one of the following four induction mediums as follow: (1) adipogenic differentiation medium: 0.5 mM 1-methyl-3 isobutylxanthine, 10 μg/ml insulin, 200 μM indomethacin and 1μM dexamethasone; (2) osteogenic differentiation medium: 0.05 mM L-ascorbic acid-2-phosphate, 10 mM b-glycerophosphate and 10 nM dexamethasone; (3) chondrogenic differentiation medium: ITS+1 Liquid Media Supplement (100x), 1.3 mM Lascorbic 2-phosphate and 0.01 mM dexamethasone; (4) neurogenic differentiation medium: 200 ng/ml L-ascorbic acid-2-phosphates, 10 ng/ml GDNF, 20 ng/ml EGF and 20 ng/ml bFGF. After 14 days for neurogenic differentiation, and 21 days for adipogenic, osteogenic, and chondrogenic differentiation, the cells were fixed with 4% (v/v) paraformaldehyde for appropriate differentiation-specific staining: Sudan III (1% in 96% ethanol) for adipogenesis, alizarin red (2% in distilled water) for osteogenesis, toluidine blue (0.1% in distilled water) for chondrogenesis, and Cresyl violet (0.5% in 0.6% glacial acetic acid) for neurogenesis [24, [29] [30] [31] .
RNA extraction and reverse transcription (RT)-PCR analysis of multi-lineage differentiation-specific gene expression. Total RNA from the adipogenic, osteogenic, chondrogenic, and neurogenic differentiated cells was isolated using the Trizol reagent (Invitrogen, UK). The extracted cellular RNA was dissolved in diethyl phosphorocyanidate-treated water. After DNase treatment by the DNase I Amplification Grade Kit (Invitrogen, Paisley, Scotland), 2 μg RNA was used for the first strand of cDNA synthesis in a total volume of 20 μL according to the manufacturer's guidelines. The regimen for RT-PCR was 15 minutes at 94˚C, followed by the appropriate number of cycles of 1 minute at 94˚C, 1 minute at the proper annealing temperature for each primer pair, and 1 minute at 72˚C, with a final 10-minute extension at 72˚C. The reaction mixtures for PCR included 20 ng of cDNA, TEMPase Hot Start 2x Master Mix І Blue (Ampliqon A/S, Denmark), and 0.5 μM of each antisense and sense primer as shown in Table 1 . The amplified PCR products were analyzed by ethidium bromide staining after 1.5% -10 −13 M. Control wells were prepared by addition of complete culture medium. Following incubation time (24, 48 and 72 h), the media was replaced with MTT dye solution (2 mg/ml) and then were incubated at 37˚C in a 5% CO 2 incubator for 4 h. After further incubation for 4 h, the MTT solution was removed and formazan crystals were dissolved in dimethyl sulfoxide (100 μL). The optical density of each well was measured in an ELISA reader at a wavelength of 570 nm [37, 38] .
Calculation of human adipose tissue-derived mesenchymal stem cells population doubling time Senescence-associated beta-galactosidase (SA-β-gal) staining
To determine the effect of ZnSO 4 on the percentage of senescent cells, SA-β-gal staining was performed. hADSCs from passages 5, 7, 9, and 11 were harvested and treated with 1.5×10
and 2.99×10 −10 M ZnSO 4 in 5% CO 2 at 37˚C. Following incubation for 48 hours, the cells were washed twice with PBS, and were, respectively, fixed with 2% (vol. / vol.) formaldehyde and 0.2% (vol. / vol.) glutaraldehyde for 5 minutes at room temperature. After that, the cells were washed with PBS again and incubated with a fresh beta-galactosidase substrate staining solution (5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 40 mM citric acid/Na phosphate buffer, 2 mM magnesium chloride, 150 mM sodium chloride, containing 1 mg/ml 5-bromo-4-chloro-3-indolyl-D-β-galactosidase (X-gal) in distilled water) for overnight at 37˚C in the conditional absence of CO 2 . The cells were thereafter washed twice with PBS and once with methanol, and allowed to air-dry for 30 minutes. Senescence cells were identified as blue-stained cells by standard-light microscopy and at least 100 stained cells were counted in 10 randomly selected fields per sample in order to determine the percentage of SA-β-gal-positive [39] .
DNA isolation
hADSCs at Passage 4 were plated in 6-wells culture plates at a density of 15×10 4 cells/wells with a complete medium. After 3 days, these cells were treated with various concentrations (1.5×10 −8 and 2.99×10 -10 M) of ZnSO 4 for up to 48 hours. Genomic DNA was isolated from the cells using the YTA Genomic DNA Extraction Mini Kit by following the manufacturer's instructions (Yektatajhiz Co., Iran). In brief, 300 ng of proteinase K were added to the cell pellet and were incubated for 30 minutes at 60˚C. After incubation, 200 μl of ethanol (96~100%) was added, mixed thoroughly by pulse-vortexing, and carefully transferred from the sample mixture to the BG column. The mixture was centrifuged at 8000×g for 1 minute and washed with 500 μl of washing buffer by the centrifuge for 1 minute at 14000×g, and then, the flowthrough was discarded. The BG column was placed near the clean tube and 30~50 μl of elution buffer or ddH 2 O (pH 7.5~9.0) was added to the membrane center of the BG column. The column was centrifuged for 2 minutes at 14000×g to elute the DNA and the DNA fragment was stored at 4˚C until it was required for absolute telomere length measurement and bisulfite modification. The required amount of DNA for absolute telomere length measurement and bisulfite modification is 20 and 500 ng/μl, respectively [40] .
Standard curves and associated calculations for absolute telomere length
Oligomers (standards and primers) preparation for absolute telomere length measurement. All oligomers should be HPLC-purified and diluted in an appropriate volume of TE buffer or ddH 2 O and stored at −20˚C until required. Working solutions of oligomers should be made fresh-the dilutions are stable at 4˚C for up to 2 weeks. Oligomer sequences were reported by O'Callaghan and Fenech (2011) ( Table 2 ) [41] . Changes in the amount of template that is present in each reaction can by affected by pipetting or a DNA quantification error.
Telomere standard curve. A standard curve is created by the dilution of the known quantities of a synthesized 84-mer oligonucleotide (84 bp in length) containing only TTAGGG, repeated 14 times as shown in S1 ] dilution) is performed. Single copy gene (SCG) standard curve. SCG is used as a control for determining the genome copies per sample. 36B4, which encodes the acidic ribosomal phosphoprotein P0, was routinely used. Unlike the consistency of telomeric DNA sequence in mammals, the SCG will be different; a SCG standard curve and amplicon must thus be generated for each target Table 2 . Sequences of primers used in hTERT gene expression, absolute telomere assay and methylation specific PCR.
Oligomer name
Primer pair sequence (5'-3') PCR product size (bp) Processing and analyzing data for measuring the absolute telomere length
Real-time PCR data were analyzed as kb/reaction for telomere and as genome copies/reaction for SCG. The kb/reaction value was then used to calculate total telomere length in kb per human diploid genome. The telomere kb per reaction value is divided by diploid genome copy number to give a total telomere length in kb per human diploid genome. The obtained value can be further used to give a length per telomere by dividing by 92 which is the total number of telomeres on 23 pairs of chromosomes found in normal human cells [25, 41] .
Methylation analysis by methylation-specific PCR (MSP) and sequencing
The bisulfite modification was performed with the EZ DNA Methylation-Gold™ Kit (Zymo Research, Germany, Catalog Nos. D5005 and D5006) according to the manufacturer's instructions. Following the bisulfite modification, MSP was performed with primers designed to amplify the methylated or unmethylated sequences in a part of the first exon of the hTERT promoter (up to 45 CpG sites extending from 500 bases upstream into the first exon of the hTERT promoter) as listed in Table 2 . Sequences for all the primers have been previously reported by Devereux et al. (1999) [8] . The PCR mixtures contained 20 ng of modified DNA, 0.5 μM primers, and TEMPase Hot Start 2x Master Mix І Blue (Ampliqon A/S, Denmark). The amplification conditions were as follows: denaturation at 95˚C for 5 minutes; 40 cycles of 95˚C for 1 minute, 56.7˚C (13F and 4R primers) and 59˚C (9F and 5R primers) for 1 minute, and 72˚C for 1 minute; and a final elongation step of 72˚C for 4 minutes. Subsequently, the PCR products were electrophoresed on 1.5% agarose gels, and the bands were excised and purified on Qiagen columns (Qiagen Inc., Santa Clarita, CA). The products were then sequenced with a Macrogen Inc. (South Korea). Amplification primers were used as sequencing primers.
Real-time PCR amplification for the hTERT expression . Briefly, cell extracts were incubated with biotin-labeled primers at 25˚C, and the telomeric repeats added onto the ends of the primers were amplified by PCR. The PCR products were added to digoxigenin-labeled detection specific probes and following were allowed to bind to a streptavidin-coated 96-wells plate. Finally, the optical density of the blue color was measured at 450 nm by a STAT-FAX 3200 ELISA reader (Awareness Technology, Inc., USA).
Quantitative real-time PCR measurements of osteocyte and adipocyte gene expression Fluorescence data was analysed as explained above. Also, primers were designed using Oligo 7 v.7.52 software (Molecular Biology Insights, Inc, USA) and the sequences for each primer are presented in Table 1 .
Statistical analysis
The results were analyzed using the software program Graph Pad Prism version 6.01. The results were expressed as the means ± standard error (SE). We used one-way and two-way ANOVA followed by Dunnett's post hoc test to determine the significant difference among groups. Also, for quantitative real-time RT-PCR analysis, the REST 2009 software (Qiagen) was used. Statistical significance was determined at p<0.05. All experimental procedures were repeated for three times.
Results
Phenotypical characterization of human adipose tissue-derived mesenchymal stem cells Fig 2A showed that the hADSCs were spindle-shaped cells, both as scattered individuals and in small colonies; hADSCs had the capacity to adhere to the tissue-culture plastic flasks.
Phenotypical characterization was performed by the immunocytochemistry for CD90, CD105, CD45, and CD56 as well as by flow cytometry for CD73, CD44, CD31, and CD34. Immunocytochemistry images revealed that the cultured cells were consistently positive for CD90 (B) and CD105 (C), and negative for CD45 (D) and CD56 (E) (Fig 2B-2E) . Also, the hADSCs were consistently positive for CD73 (93.1%) and CD44 (80.2%), and negative for hematopoietic cell lineage-specific antigens, such as CD31 (0.02%) and CD34 (0.03%) (Fig 3) .
Multilineage differentiation of human adipose tissue-derived mesenchymal stem cells to osteocyte, adipocyte, chondrocyte, and neurons lineage
Following osteogenic differentiation, the extracellular calcium matrix was stained with alizarin red. After the aforementioned staining, the redness of the nodules indicated the presence of mineralized compartments as a result of osteogenic treatment (Fig 4A) . The gene expression of ALP and OCN as osteocyte-specific genes was confirmed with RT-PCR (Fig 4E) . For adipogenesis confirmation of hADSCs, lipid droplets were stained with Sudan III (Fig 4B) . The expressions of PPAR-α and PPAR-γ as adipocyte-specific genes were detected by RT-PCR analysis (Fig 4F) . At the end of chondrogenic differentiation, the aggregates of aggrecan as key molecules within the cartilage matrix were stained with Toluidine blue (Fig 4C) . RT-PCR analysis was shown the expression of Aggrecan and Collagene II (Fig 4G) . After neural induction, the neuronal differentiation was determined by Cresyl violet by the positive staining of Nissl bodies. Nissl bodies appear dark black-violet with the background remaining almost colorless (Fig 4D) . RT-PCR analysis identified the expression of NGF and nestin as neural markers in the treated cells (Fig 4H) .
Cell proliferation activity and PDT of human adipose tissue-derived mesenchymal stem cells
To determine the range of physiological concentrations of ZnSO 4 for experimental conditions, hADSCs were exposed to various concentrations of ZnSO 4 (1.5 × 10−5-10 −11 and 2.99 × 10−7- As shown in Fig 5B, 
Senescence-associated beta-galactosidase (SA-β-gal) staining
The amount of senescent hADSCs treated with various concentrations (1.5 × 10 4 cause a decrease in the number of stained cells (**P < 0.01 and *** P < 0.001 compared with control group). To count senescent cells for each treatment with ZnSO 4 , 3 wells of culture plate was considered, this procedure was repeated for three times. Data represent as the means ± SE from three independent biological experiments. Two-way ANOVA followed by Dunnett's post hoc test was used to determine the significant difference among groups. (B) and (C) were included as a positive and negative controls for SA-β-galactosidase staining, respectively. Determination of CpG Islands in the TERT gene promoter Following, Genomic DNA was isolated, telomere and single copy gene standard curve was created. Real-time PCR technique was used to measure the absolute telomere length. The data were analyzed as kb/reaction and the genome copies/reaction for the telomere and the SCG. As described in results section, 1.5×10 −8 M ZnSO 4 were significantly increased the telomere length of hADSCs (**P<0.01 compared with control group), this procedure was repeated for three times. Data represent as the means ± SE from three independent biological experiments. One-way ANOVA followed by Dunnett's post hoc test was used to determine the significant difference among groups.
https://doi.org/10.1371/journal.pone.0188052.g007 group with ZnSO 4 in comparison to the control group. In both groups, in the presence and absence of 1.5×10 −8 and 2.99×10 −10 M ZnSO 4 , the MSP sequencing revealed the unmethylated and methylated CpG sites. Among the 45 sites of these CpG islands, 5 sites were converted from unmethylated to methylated and 9 sites were converted from unmethylated to methylated. In addition, the state of 7 unmethylated sites and 10 methylated sites remained unchanged. Due to incongruent results obtained from three replications of this experiment the other sites has not been determined (Figs 9 and 10, Table 3 ).
The effect of ZnSO 4 on the hTERT gene expression The effect of ZnSO 4 on telomerase activity PCR-ELISA TRAP assay method was used to assess the telomerase activity in ZnSO 4 -treated and untreated cells. As shown in Fig 12, The effect of ZnSO 4 on osteocyte and adipocyte mRNA gene expression 
Discussion
Aging is one of the most important factors in reducing the clinical application of MSCs in cell therapy and regenerative medicine [44] . Aging is an inherently complex process that is manifested within an organism at the molecular and cellular levels. Telomere shortening, the reduction of the hTERT expression, and a decrease in telomerase activity as well as changes in the hTERT gene promoter methylation cause replicative senescence or cell death [6] . It seems that gene expression regulation may be directly involved in the differentiation potential and aging of stem cells [45] . Böcker et al. (2008) reported that hTERT over-expression could prevent the senescence of human MSCs, and the cells showed significantly higher and unlimited proliferation capacities [46] . In another study, Aminizadeh et al. (2016) showed the positive correlation between the TERT gene expression, the telomere length, and the telomerase activity in agedbone marrow stromal cells in the presence of glutathione monoethyl ester [18] . The correlation between free radical production and its impact on telomere and telomerase as biomarkers of aging has attracted considerable attention towards the cell transplantation approach [47] .
Finding methods such as the use of antioxidant to overcome the free radical production and aging of cells will, therefore, significantly assist cell therapy. Zinc as an antioxidant agent that has a crucial role in oxidative stress with efficient contributions in the free-radical scavenging activity [22, 48] . Zinc functions as an antioxidant and its function can be identified in several mechanisms such as in the inhibition of NADPH oxidase and the decrease of the Reactive Oxigene Species (ROS) generation, as a co-factor of the superoxide dismutase (SOD) enzyme, as a catalyst in the dismutation of • O 2 − to H 2 O 2, in competition with Fe 2+ and Cu 2+ ions for binding to cell membranes and protein, and inhibiting the production of
Furthermore, zinc has a role to play in the induction of the generation of metallothionein as an excellent scavenger of
• OH, which is one of the most effective mechanisms [20] . In addition, zinc increases the activation of antioxidant molecules, proteins, and enzymes such as glutathione, catalase, and SOD; it reduces the activity of oxidant enzymes such as NADPH oxidase and nitric acid synthase, and inhibits the lipid peroxidation products. Although the essentiality ZnSO 4 promotes telomere length via the telomerase activity and a change in CpG island methylation of hADSCs of the zinc ion (Zn +2 ) as an antioxidant and an anti-inflammatory agent in aging and agerelated disease have been reported, the effect of Zn +2 on telomere as the guardian of the chromosome in aging, the hTERT gene expression and in the methylation status of hTERT gene promoter as well as the epigenetic mechanisms involved in aging are yet to be reported, and , to be able to modulate telomerase in cancer cells by inducing an enhancement of its activity [21] . Contrary to the results of Nemoto et al., in another study, Ren et al. (2007) reported that zinc phthalocyanine (ZnPc) had the ability to inhibit telomerase activity [49] . Although the underlying mechanism remains unclear, a few studies have been published in relation to the effective mechanisms of zinc's effect on .05 compared with control group). This procedure was repeated for three times. Data represent as the means ± SE from three independent biological experiments. One-way ANOVA followed by Dunnett's post hoc test was used to determine the significant difference among groups.
https://doi.org/10.1371/journal.pone.0188052.g011 telomeres, which can be effective in finding the fundamental mechanism. In a study, Ren et al. (2007) reported that octacationic ZnPc could induce intramolecular G-quadruplex telomeric structure transition from the anti-parallel to the parallel form, and it could induce the parallel structure formation in the cation-deficient condition [49] . Liu et al. (2004) showed that 80 μm/ L ZnSO 4 helps to maintain and shorten the telomere length of the hepatocytes L-02 and the hepatoma cells SMMC-7721, respectively [50] . They showed that the mechanism might be M ZnSO 4 . Following, cells were lysed and protein were extracted from each sample. Relative telomerase activity was assessed in protein extracts by Telomerase PCR-ELISA kit. Heat inactivated cell extract served as the negative control. As described in results section, 1.5×10 −8 M ZnSO 4 was significantly increased the relative telomerase activity of hADSCs (*P<0.05 compared with control group). This procedure was repeated for three times. Data represent as the means ± SE from three independent biological experiments. One-way ANOVA followed by Dunnett's post hoc test was used to determine the significant difference among groups.
https://doi.org/10.1371/journal.pone.0188052.g012 −10 M ZnSO 4 as described in materials and methods section and was subjected to Real-time PCR assay (*P<0.05 compared with control group). This procedure was repeated for three times. Data represent as the means ± SE from three independent biological experiments. One-way ANOVA followed by Dunnett's post hoc test was used to determine the significant difference among groups.
https://doi.org/10.1371/journal.pone.0188052.g013 related to the inhibition of telomerase activity in the SMMC-7721 cells. This might also be the result of the activation of the p53 protein, a zinc-binding transcription factor that becomes active in response to multiple forms of stress and controls proliferation, survival, DNA repair, and the differentiation of cells. Therefore, the supplementation of zinc could affect the transcription of DNA and telomere length by the activation of the p53 in hepatoma cells [50] . In the present study, 1.5×10 −8 and 2.99×10 −10 M was used as the final concentration of ZnSO 4 .
To determine a suitable range for Zn +2 under this study's experimental conditions, the MTT assay was used to evaluate cell viability. In this study, it was found that ZnSO 4 had no impact on the viability of the cells between 1.5 × 10 −5 − 10 Table 3 . hTERT gene promoter methylation results are in contrast to the results obtained from extent of hTERT gene expression, telomerase activity and telomere length in the presence of two different concentrations of ZnSO 4 . Since the telomerase activity is tightly regulated by the expression of the hTERT gene [51] , a claim for the association of the telomerase activity and the methylation of the hTERT promoter can be put forward. Nevertheless, the regulation and the stabilization of the telomere length is complex, and appears to involve several mechanisms [8] . The role of methylation of the promoter region of hTERT for regulation of the hTERT expression, the telomerase activity, and the telomere maintenance have been investigated; however, no obvious conclusion could be drawn, and the role of methylation in hTERT regulation remains unknown. [52] . Some studies have reported a direct relationship between hTERT promoter methylation and hTERT gene expression, telomerase activity and telomere length and some others have demonstrated the lack of correlation between them [8, 53] . The relationship between methylation status of hTERT promoter and 3 parameters (hTERT gene expression, telomerase activity and telomere length) depends on the type of cells (including normal, immortalized, and cancer cell lines from various tissues). In one study, Devereux, et al. (1999) indicated that methylation of either specific CpG sites or groups of CpG sites did not necessarily correlate with hTERT gene expression in some cell lines [8] . On the other hand, it is known that some cells maintain their telomeres by telomerase-independent mechanisms; thus, CpG methylation may be involved in the regulation of hTERT expression and telomerase activity in some cells or tissue types, but not others [53] . Several studies have reported the correlation between methylation status of hTERT promoter and the hTERT expression. The results obtained in the study of Bechter et al. (2002) indicated that CpG island methylation of the hTERT promoter played a role in regulating hTERT gene expression in patients with B-cell chronic lymphocytic leukemia [54] . In a study by Guilleret and Benhattar (2003) , a positive correlation between the hypermethylation of the hTERT promoter and gene activation was demonstrated; the demethylation of the hTERT promoter allowed a reduction of the hTERT expression and vice versa [55] . This correlation in the methylation status of the hTERT promoter was opposite to the general model of DNA methylation. In our study, there was no common methylation pattern that correlated with hTERT gene expression, telomerase activity and telomere length among two treated cells with 1.5×10 −8 and 2.99×10 −10 M ZnSO 4. Although the hTERT gene expression from the methylated promoter suggests that CpG island methylation is not a general mechanism of down-regulation for this gene, it may play a role in the regulation of hTERT expression in specific cell types and/or at some stage of development or carcinogenesis. We propose to provide evidence for a possible role for DNA methylation in the regulation of hTERT gene expression; subsequently, telomerase activity and telomere length in the presence of different concentrations of ZnSO 4 , the effect of ZnSO 4 on the cells which lacked hTERT gene expression and exhibited complete methylation of the hTERT promoter, in the presence or absence of the demethylating agent 5-AZC to be done in another experimental research in the future. Our findings suggest that hTERT gene expression, telomerase activity and telomere length in the presence of 1.5×10 −8 and 2.99×10 −10 M ZnSO 4 is complex and appears to involve both methylation-dependent and methylation-independent mechanisms.
In conclusion, the results of this study showed, the lack of correlations between hTERT gene expression, telomerase activity and telomere length with the methylation status of the hTERT gene promoter in the presence of 1.5×10 −8 and 2.99×10 −10 M ZnSO 4 .
In addition to the role of hTERT gene promoter methylation status in the regulation of gene expression, the presence of various transcriptional factors and transcriptional binding motifs indicates that regulation of gene expression reflects a rather complex mechanism that is not solely dependent on methylation [54] . Previous studies have shown that the 5'-hTERT regulatory region contains numerous binding sites for transcription factors [56] . As reported in studies, methylated CpG islands sites may directly inhibit the binding of transcription activator factors of hTERT, such as c-Myc, AP2, SP1 etc [57] [58] [59] . However, non-methylated sites may be a site for attachment of activator factors of hTERT transcription, thereby preventing attachment of transcription inhibitors [58] .
As can be seen in Fig 10 , different transcription factors can attach to CpG sites in the region of hTERT gene promoter. In order to recognize the type of attached factors, online TFBIND INPUT database has been used. Note that the sequence presented to this database has been the main sequence of hTERT gene promoter without treatment with zinc sulfate. However, it should be noted that the mentioned transcription factors may cause increase or decrease of the extent of hTERT gene expression by either binding or not non-binding to these sites given the methylation or non-methylation of CpG sites in the presence of ZnSO 4 . Considering the change in the status of methylation of CpG sites No. 5, 6, 12, 18, and 19 from methylated to non-methylated state in the presence of ZnSO 4 , it is expected that activator transcription factors including AP2, SP1 and B be able to attach to the non-methylated sites and prevent attachment of inhibiting transcription factors such as E2F and USF to non-methylated CpG regions [60] [61] [62] [63] . Opposite of the mentioned state would occur regarding altered status of methylation from non-methylated to methylated [58] . According to the results of this study, it could thus be claimed that ZnSO 4 with a changing methylation status of CpG islands causes the binding of transcription factors as activators or suppressors of the hTERT transcription and maybe cause the regulation of the hTERT gene expression.
Although changing the methylation patterns at certain CpG sites or regions of the hTERT gene promoter was seen in the presence of ZnSO 4 in our study, the results of this study are in line with the results of previous studies, which showed the direct correlation between telomere length, the hTERT gene expression, and the telomerase activity.
Conclusion
This study provides preliminary evidence to support that ZnSO 4 could decrease the aging of ADSCs via an increase of telomere length, the hTERT gene expression, and the telomerase activity, and a decrease in the percentage of senescent cells and the epigenetic modification of the hTERT gene promoter. This mentioned effect of ZnSO 4 at a concentration of 1.5 × 10 −8 and 2.99 × 10 −10 M could be used as a good candidate for extending the replicative life-spans of ADSCs in cell therapy and regenerative medicine. Further investigation is required to confirm the data in more samples as well as in protein levels, and it would also be potentially interesting to examine the same project for in vivo study. 
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